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1.1 GQJWAL 

A l l  systems were successfully tested in a 10 ps i a  cabin on Tuesday, 13 Ju ly  1965, 
including the oxygen regeneration, food management, water management, waste manage- 
ment, and thermal control systems, and the f lu id  heat- and cooling pumping units. 
The e lec t ro lys i s  unit ,  C02 concentration u n i t  and reduction un i t  w e r e  connected t o  
each other and operated as an integrated oxygen regeneration system with the  reduc- 
t ion  un i t  i n  the Bosch mode of operation, %e cataQt1c burners operated through- 
out the test, process- sane bleed gas from t h e  reduction uni t  as w e l l  as cabin 
air. 
15 July, t o  demonstrate vacuum desorption and the Sabatier back up mode of opera- 
tion. 

The concentration and reduction uni t s  w e r e  operated again on Thursday, 

Subsystems w e r e  brought t o  stable operation at  one atmosphere pr ior  t o  testing 
at reduced pressure because the catalytic burners and the  CO2 reduction uni t  re- 
quire time for preheating which is more eas i ly  monitored at one atmosphere. Ex- 
cept f o r  the  Sabatier reactor, subsystems w e r e  shut dawn before the test bed was 
pumped down. 
psia  condition were established by admitting gas t o  the test bed f r a n  storage 
bot t les  and the  test bed was then reoccupied by test  personnel, The CO2 praduc- 
t i on  of the test personnel was continuously processed and removed fran the cabin 
atmosphere by the oxygen regeneration system. 

The initial CQ concentration arid oxygen partial pressure at  the 10 

Collection tanks of the water management system w e r e  pa r t i a l ly  f i l led w i t h  
urine a.nd used wash water  p r ior  t o  t h e  tes t  since the test duration was con- 
siderably less than t h e  several days which are required t o  es tabl ish a stable 
water inventory f r d m  biological processes. 
w e r e  tested t o  demonstrate t h e  functional adequacy of the  expulsion and metering 
equ ipen t ,  as w e l l  as the recovery of potable water fr.m waste l iquids.  

Pretreatment and transport operations 

The Operation and temperature recovery of t he  food management water  dispensers 
w a s  demonstrated by withdrawing s e v e r a l  samples of hot and cold water. The tem- 
perature of the hot water delivered b y  the dispenser had proven sat isfactory f o r  
the reconst i tut ion of food In previous tests at GD/C. 

The "lefi" feces dryer  of the waste management system w a s  tested wi th  a pre- 
psrat ion 'of  d r y  dog food and water. 
in tenra ls  d u r i x q  the 10 psia condition and weighed. 
tinued after the other systems had been secured *omthe test and the test bed 
had been restored t o  atmospheric pressure, since the  pressure and temperature 
w i t h i n  the  dryer is independent of t h e  condition of the test bed. 

The container was removed from the d r y e r  at 
The dryiw process w a s  con- 

The thennal control air c i r cu i t  was monitored for air and f lu id  f low rate, 
temperature and re la t ive  humidity. Tests were run with two different  f l u i d  f low 

1 



rates t o  the  heat exchanger of system "B", two d i f f e ren t  d i lu t ions  of glycol solu- 
t ion,  and v i t h  and without the c a b i n  &-water separator. 

The cabin atmosphere was sampled, snalyzed and recorded throughout t h e  tests 
and gas samples from! units of t h e  oxygen regeneration systems w e r e  obtained t o  
assist in  the operation and evaluation of the system. 
oy a physician t o  assure the safety of the test  personnel. 

These d a t a  were monitored 

There were no instabilities or operational diff icul t ies  encountered I n  conducting 
the  tests and all uni t s  w e r e  brought t o  Aril process rate o r  met the appropriate 
specif icat ion requirements. 
3-3/4 hours on 13 July, and 2 4 4  hours on 15 July. 

The currmlative test tinu? at  10 psia w a s  six hours, 

The oxygen regeneration system maintained a stable CO, concentration with a 
f i v e  man crew i n  the test bed, increasing s l i g h t l y  when two more men w e r e  added. 
It was necessary, hovever, t o  use all of the H2 output of the e lec t ro lys i s  unit  
t o  obtain a faur man-level water catch f r a n  the reduction unit. Post test inspec- 
t i on  revealed a sUght hydrogen leak i n  the mixture control package which accounted 
f o r  the  high feed gas requiranent observed during the test. The regenerative hea t  
e x c h e e r  performed as intended, recovering about 75$ of the heat i n  t h e  Bosch 
reactor  discharge gases while permitting carbon t o  pass on t o  the col lect ion cani- 
ster, The vacuum desorption and Sabatler back up mode of operation proved t o  be 
equally sa t i s fac tory  maintaining constant 0 2  concentration for  a four man crew, 
C e l l  voltages of t he  e lec t ro lys i s  uni t  d id  not increase s ign i f icant ly  during t h e  
test, and the module temperature ContFOls sutpmatically maintained a temperature 
of 6 9 9  on a U  modules. 
end S/N 002 was controlled t o  7009 t o  740%. 

Catalyt ic  burner S/?i 001 was controlled at  710- t o  7809 

The temperature recovery of the hot water tank of t h e  food numaganent system 
w a s  sat isfactory.  
ing withdrawal it had dropped t o  about l5O9. 
within & hour. 

The temperature p r io r  t o  water w i t h d r a w a l  was 162OF and follow- 
The temperature was back t o  162% 

Operation of the vater management system was vithout incident, water collection, 

Separator rpap w e r e  1825 and 2100 for 
pretreatment and t ransport  were acccmplished without d i f f icu l ty ,  the pretreatment 
in jec t ion  rate being about s i x  cc/stroke. 
un i t  No. 1 and No. 2 respectively, and the corresponding process rates were 1.95 
l o / h r  and 1.2 lb/hr. 

The basket of the waste management feces dryer w a s  easily removed and re-inseneG 
"-a 4.L- -----.- 
-A- ybas  V ~ L U L I ~ Y  ) - y e ~  ?unction& p f q ~ i y .  Sixteen ani a *kif ~ W S  of drying r=- 
duced the water content of an 870 gram specimen frcm 447 grams t o  72 grams. 

lZle thermal control permitted the laboratory module temperature t o  s t a b i l i z e  at  
809 near the end of the first day's test. 
second test by increasing t h e  coolant flow t o  the system "B" heat exchanger from 
690 lb/hour to  9lO lb/hour and increasing the  water content of t h e  glycol solution. 
The temperature of the labaratary module s tab i l ized  t o  6 5 9  during the  second test. 
Relative humidity w a s  49$ and 5s respectively during the two tests. 
prescribed i n  the system performance specification is  k$ t o  60$. 

The system was revised pr io r  t o  the 
b 

0 

The range 
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I . R .  scans of the atmosphere were made at least once each hour and no signi- 
ficant contaminant levels were detected. 
tion and symptclas of deccxpression and none were found. 

Personnel were checked for eye irrlta- 



2.1.1 DISCUSSION. 
grated part of the oxygen regmeration systen. Prior t o  t h e  start o f  t h i s  test, 
the unit was started and operated over a period of time at  sea l e v e l  conditions. 
The purpose of t h i s  preliminary run was first to  d r y  the  silica g e l  beds p r i o r  
t o  admitting process air t o  the zeol i te  beds; second, t o  adsorb and transfer Cog 
t o  the  accumulator to insure a supply of C02 t o  the reduction uni t  during the  
s t a r t i n g  sequence. A th i rd  purpose of t h e  sea level operation was t o  check pro- 
pe r  u n i t  operation and t o  e f fec t  integration of the  oxygen regeneration system 
Drior t o  demonstration so t h a t  if fau l t s  existed, these could be  remedied at  t h i s  
time. The operation at  sea level was successArlly concluded and t h e  un i t  secured 
t o  begin the  tests at reduced pressure. NO d a t a  w e r e  recorded fo r  these sea leve l  
mns. The oxygen regeneration system was started with the  test bed closed and at 
520 mm.Eg. The valving transferring frm t he  accumulator t o  t h e  reduction 
un i t  was i n i t i a l l y  i n  "dump" posit ion and t he  C02 i n  the accumulator was l o s t .  
The accumulator was quickly rechsrgcd fram a bo t t l e  t o  '30 p s i a  and a start 
accaql ished.  

The unit was run in the  thermal desorption mode as an i n t e -  

The test continued from 1400 haurs u n t i l  approximately 1745 hours at which 
time it was concluded twt essentially two hours of steady state operation had 
been achieved. Approximately two and one-half, eighty minute cycles had been 
campleted which resulted i n  f i v e  canister desorptions with attendant C02 trans- 
fers t o  the  accumulator. 
the  end of test was 98.H by volume. 
t he  test and shut down w a s  at the decision of the  test conductor with agreement 
frm t h e  BAsA/IAC representatives. 

The m e a s u r e d  pur i ty  of the C02 i n  the  accumulator at 
rJ0 operational problems developed during 

2.1.2 TEST IUSULTS. 
nature ra ther  than that t o  define spec i f ic  unit characterist ics.  
cyc l ic  operation of t h i s  unit ,  neafly all pnrameters vary as a f'unction of the 
t iming sequence. 
1 through 4 show t h i s  dependence. 
emphasized this characteristic. 

Ibta obtained during t h i s  t e s t  w e r e  more of a qua l i ta t ive  
Because of t h e  

The information derived f r c n n  t h i s  test and displayed i n  Figures 
More frequent d a t a  gathering would have 

The timing sequence of t h e  un i t  u t i l i zed  f o r  these tests is  presented i n  
Figure 5 .  
entered in t h e  d a t a  log sheets, valve posit ions at any time may be determined. 
For purpose of i l l u s t r a t ion ,  integrated values of the parameters displayed i n  
Figures 1 through 4 have been derived for t he  half cycle t h e  fram 1522 through 
1602. Wing t h i s  time zeo l i t e  canister No. 1 was being desorbed while zeol i te  
canister No. 2 was adsorbing C02. This is a representative operational condition 
and t h e  values thus obtained may be regarded as typical with respect t o  this t e s t .  
The following averaged values w e r e  obtained for the  half  cycle considered: 

By reference to  this sequencing chart  and t h e  notation of cyclic events 
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Process Air 

Process air flow (wa) 61.4 lb/hr 

Air i n l e t  temperature 5 3 9  

A i r  ou t le t  temperature 114% 

A i r  specif ic  hea t  0.24 BUT/lb-OR 

q rejected t o  process air (qar) - BUT/IW 

qar = 61.4 (0.24) (114 - 53) = 900 W!l!/hr 

Heating Fluid (E-331) 

Flow rate (Whf) 193 l b / W  

Fluid inlet  temperature - 3769 
(Specific heat at 376% = 0.442 Bnr/lb-%) 

Fluid out le t  temperature 278% 

(Specific heat at 278% = 0.415 m / l b - % )  

q rejected by heating f lu id  (qhr) - m/hr 

qhr = 193 (0.442 x 376 - 0.415 x 278) = 8830 W/hr 

+The heating f lu id  f l a w  rate w a s  higher than d e s i r e d  Decause of a restric- 
t ion  i n  the  balancing orif'ice of t h e  waste mamggllent supuly line. 
r e s t r i c t ion  was found and eliminated a f t e r  t h i s  test. 

This 

Cooling Fluid ( 4 8  prapylene glycolr 

Flow rate ( W d )  260 lb/hr 

Fluid 

Fluid 

F l u i d  

inlet temperature - 37% 

out le t  temperature - 55% 

specif ic  heat - 0.894 RTU/lb-% 

q rejected t o  cooling f l u i d  (qcr) - m/hr 

qcr = 260 (0.894) (55 - 37) = 4180 BTU/hr 
A 

From the  above, it appears tha t  3750 BTv/hz was rejected d i rec t ly  t o  t h e  atmos- 
phere by conduction and radiation as the hot f l u i d  heated elenients of the  system. 
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co2 Adsorption 

C02 concentration 

C02 concentration 

in  laboratory - 0.83s volume 

aut of adsorbing canister - 0.3s volume 

The C02 removal eff ic iency ( 7 r)  was 0.83 - 0.39 (100) = 53% 

Volume flow of air ( QE) = U~/O.W 
0.83 

= CFH 

vhcre 

9 = ac tua l  density/standard density 

= 0.587 lb/hr 
= ~ 3 7  0.83 0.53 44 

359 (513/4921 ( 100) 

From examination of accumulator pressure in  Figure 4 it is seen that t h e  C02 
stored i n  the  accumulator,decreased at  the rate of ayproximately 0.024 lb/hr. 
During t h i s  period, the  reduction uni t  was operating at essent ia l ly  the specifica- 
t i o n  rate for a four man c r e w  or the equivalent of 0.387 l b  CO2 per hour. It 
would thus appear that the process rate of t h e  concentration u n i t  was about 0.363 
lb/hr. 
the  adsorbing and desorbing r a t e s  t o  be the same respectively f o r  each canister.  

The CO2 concentration i n  the laboratory was an average of 4.4 m Hg as com- 

This would yield a cycl ic  efficiency of s l i gh t ly  less than 62$ assuming 

pazed t o  the  specification value of 3.8 na Eg which would probably tend t o  
fu r the r  decrease the  un i t  process rate under specif icat ion conditions. 
ing these conditions t o  exist, it is obvious t h a t  the purge cycle of t h i s  un i t  
be careful ly  evaluated in f u r t h e r  tests t o  determine if  a more advantageous trade- 
off may be obtained i n  pur i ty  of the accumulated CO2 versus C02 process rate since 
nearly ha l f  of t h e  is presently being recycled i n  the  purge after desorption 
i n  the  bed. 

Realiz- 

2.2 VACUUM QBORPTIOI'# MODE 

2.2.1 DISCUSSION. Following a brief  period of running at sea level t o  ascer ta in  
dryness of the  silica gel beds, test of the  uni t  at 10 psia i n  the vacuum desorp- 
t i o n  mode was in i t ia ted .  No diff icul ty  was encountered in start up or uni t  
operation except that water content of the process air leaving the  silica g e l  
bed appeared t o  be atmormally high, 
runs that even though the  beds arc dried at sea level t o  less than 100 ppm, test- 
ing a t  10 ps i a  following such a dry  down yields  a water content which always 
starts high and reduces t o  a lwer level as t he  test progresses. 
t h i s  has not been investigated a t  t h i s  time. 

It has been noted in previous developmental 

The reason f o r  
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Frau em initially high CO2 concentration i n  the test bed, concentration reduced 
t o  about 0.95$ (volume) and remained constant t h r q h o u t  the test. 
initiated at 1230 hours and continued u n t i l  approximately 1430 hours a t  w h i c h  time 
it va8 agreed between the test conductor and the  USA representatives t h a t  an ade- 
quate demonstration had been obtained, 

The test vas  

2.2.2 TEST REjULTS. The cyclic values of the system paremeters which a r e  shown 
i n  Figures 6 through 9 w e r e  essent ia l ly  the same for  this test as for the  previous 
t h e m  desorption mode test. The flaw of E-331 vas approximately 25 lb/hr lower 
than the previous test because the foreign matter restricting the 'oalancing o r i f i c e  
i n  'the waste management supply line had been removed. 
t-ture profiles as shown by caarparing pigurerr 2 and 7. An apparent signifi- 
cant difference is shown in Figure 8 cuupared with Figure 3. Zeolite bed adsorp- 
t i on  in the vacuum desorption-mode appears to be s ignif icant ly  be t t e r  than it was 
f o r  the thermal desorption mode. It may be that this actual ly  occurred but it is 
more Ukely  that this was the  result of a difference i n  unit purge time and less 
frequent data accumulation. The purge time is approximately eight minutes i n  the 
vacuum mode canpard to  U minutes i n  the t h d  desorption mode. 
three minutes results in a very large e t  of CO2 being returned t o  t h e  inlet 
t o  recycle thraugh the unit. 
the  higher inlet  concentration which actually ex i s t s  f o r  t he  longer purge and 
thus carmot be used as an absolute index of adsorption capacity when colopasing 
the two modes of operation, Since laboratory concentration r-ined essen- 
t ial ly constant during test and a four man crew was present throughout t h e  test. 
capacity of the uni t  was thus equal $0 the C02 expiration rate of the four men. 
It would thus sppcar that unit pe2-foFmance is adequate for e i ther  the vacuum or  
thenaal desorption mode. 

This d id  l i t t l e  t o  affect 

The extra 

The laboratory concentration shown does not reflect 
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3.1 DISCUSSION 

The unit was started at U:45 with the test bed a t  14.7 psia. 
served t o  be d a g  properly, the reduction un i t  line vas connected and the  % 
output of the e lec t ro lys i s  unit was used for ~ 0 2  reduction. 
sat isfactory integrated uperation, the e lec t ro lys i s  un i t  was shut down and placed 
i n  sfandby condition for depressurization of the test bed. 

when it was ob- 

A f t e r  45 minutes of 

J u s t  before the  end of the 14.7 ps ia  t e s t ,  the u n i t  automatically shut down as 
it would if all the  modules had exceeded the  overtpmperature cut-offs. 
sulted f r o m a  an accidental  interruption i n  the 60 cycle power outside the test 
bed. 
was stiU operating prwperly. 

This re- 

Polloving t h i s ,  the  uni t  was re-started for a short  time to  assure that it 

With t h e  test bed depressurized to 10 psia, the uni t  started at  1415, and i n t e -  
grated with the  reduction unit. l h r ing  tes t ing,  severa l  adjustments were required 
on the  D.C. s tack voltage. The D.C. supply' outside the  test bed was adjusted t o  
give 31.5 amps at the  e lec t ro lys i s  unit. 
amps t he  voltage wzls again increased t o  give 31.5 mps. 
t o  the specified four man gas output of the unit. 

when the  current dropped t o  around 31 
!l!.his amperage corresponds 

The un i t  was shut down a t  1750. 

The 14.7 p s i a  prel imimry nm shoved that the system was operating properly. % flaw t o  the  reduction unit was i n i t i a t ed  and maintained without d i f f icu l ty .  When 
d a t a  was taken, the unit  current was 30.7 amps which corresponds t o  a theore t ica l  
gas output of: 

02 = 3.9 scfh 
H~ = 7.8 ~ c f h  

The gas output measured on the rotameters was consistent with the above and 
measured : 

02 = 3-73 + 59 scfh 
~2 = 8.1 5 59 ~ c f h  - 

ming the  10 p s i a  test, the  unit empcrsge was maintained between about 30.0 
mG 31.5 --p for or" A. w e  run. Tine m e a s u r e t i  O2 ouzput was 4.1 + >$ scfh 
after correcting the  rotameter reading for the  10 ps i a  condition of-the test bed. 
This campare6 well with the  four m specified output of 4.02 scfh. 
analysis was run a t  l 5 l O  hours and shoved tha t  both the 02 and K streams were 
b e t t e r  than 99.H pure. 
% i n  t he  autput gss stremas. 

One gas 

This analysis assumes the presence of only 02, N2, and 
* 

me c e l l  voltages-required t o  maintain the uni t  amperage increased during test- 
ing as expected. 
evidently due t o  cell polarization. 

This increase recurs every time the u n i t  is  started and is 
A t  the  beginning of the 10 ps i a  test, t h e  
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c e l l  voltages ranged from 1.75 t o  1.93 volts.  
from 1.64 to 2.01 volts .  

A t  the  end of the test they ranged *. , .  
I 

U n i t  pressures held steady d u r a  testing and none of the  pressure warning 
l i g h t s  went on. 
were trimmed to  give a minimurn 02-to-electrolyte pressure d i f fe ren t ia l .  

the coolant in le t  temperature increased fran 71 t o  76 degrees. 
caused oy ad.justment of the cabin air conditioning system by-paSS valve. 

A t  about 1600 hours the 02 and H$l pressure regulator se t t ings  

Module temperatures held steady automatically a t  about 89 degrees even though 
This increase was 
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4.1 BOSCH TEST, 13 Ju ly  1965 

The reduction unit was brought up t o  temperature with the  e l e c t r i c  heaters and 
operated i n  the  Bosch mode a t  sea-level pressure p r io r  t o  t e s t ing  a t  10 psia. 
About 12 hours lead time was required f o r  warm up, us ing  600 watts on the aux- 
i l i a r y  heaters and a main heater power l e v e l  which w a s  gradually reduced from 
500 watts t o  200 watts as the reactor came up t o  temperature. 

4.1.1 DISCUSSION. Reaction was in i t ia ted  v i t h  feed gas f r a m  storage boctles, 
then transferred t o  feed fran the e lec t ro lys i s  and concentration u n i t s .  
w a s  then shut down and l e f t  unattended during pump down and preparation of the 
10 p s i a  environment. 80 d i f f i c u l t y  vas encountered i n  res ta r t ing  the react ion 
at 10 psia, although reactor tempugture had dropped about 909 dur ing  shutdown. 
The reaction rate increased as t he  reactor came up t o  the  t erature set point 
of J.2b-09. Stable operation was nraintained u n t i l  shutdam, 7 3 hours a f t e r  re-  
start a t  the 10 p i a  condition. The temperature control maintained s e t . n o i n t  
tekperature very closely, the  auxiliary heaters being on f u l l  power approximately 
90$ of the time and half  parer for the remainder. 

The un i t  

4.1.2 TEST RESWJ!S. It was necessary t o  use  a l l  of t h e  & output of the  e lec-  
t r o l y s i s  u n i t  t o  obtain a four man-level water catch from t he  reduction un i t  so 
t h a t  feed gas consumption appeared t o  exceed t h e  water production r a t e  by about 
l5$. A post test check of the mixture control package rwealed a hydrogen leak 
which accounted for the high feed &as requirement observed during t h e  test; 

The f i n d  configuration of the regenerative heat exchanger, without f ins ,  per- 
formed as intended. About 75$ of the heat i n  the  reactor  discharge gases w a s  
recovered, while carbon waSpexmitted t o  pass on 40 t h e  collection oag i n  t h e  
canis ter .  
found i n  the bag after the  test, which would correspond t o  7 hours operation a t  
the design rate. 
vious test time on t h e  reactor. 

Maximum bag temperature w a s  l.259. Thirteen dunces of dry carbon w e r e  

It is evident tha t  some of the  carbon collected is from pre- 

Gas Leakage i n  the Bosch mode w8s 45 cc/min p r io r  t o  t h e  demonstration t e s t ,  
but w a s  reduced t o  7.6 cc/min after the test by inserting a new O-ring i n  t h e  
carbon collection canister. 

The Bosch mode  de!wnstration test has ver i f ied the integri ty ,  s t a b i l i t y  and 
process rate of the  prfmary operational m o d e  of the uni t  a t  sea-level and a t  
10 ps ia ,  and its canpat ib i l i ty  w i t h  the oxygen regeneration system. 

The reduction unit was brought up t o  temperature wi th  DC-331 heating f l u i d  and 
operated i n  the Sabatier mode  at sea-level pressure p r io r  t o  tes t ing  a t  10 psia. 
A low reaction rate was in i t ia ted  about one hour a f t e r  the DC-331 was turned on, 
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I- and the  heat of react ion was then retained i n  the reactor  by closing t h e  E-331 
valve until the des i r ed  operating temperature was approached. 
at 480° was obtained about 13 hours after feed gss was first admitted t o  the  uni t .  

FuU. process r a t e  

4.2.1 DIS(XISSI0lI. 
pressure t o  the 10 psia test condition, but was left  unattended at  485% set point. 
The un i t  vas operating at  t h e  s e t  point when the cabin was reoccupied an hour later 
and continued a t  this temperature u n t i l  the set point was changed t o  5oooF. 
increase in temperature appeared t o  reduce the amaunt of unreacted hydrogen i n  
the vent gas, although the  uata. production rate r d e d  1 cc/min throughout the  
10 psia test, which is nonual fo r  the feed rate used. 

The unit was not shut down during t rans i t ion  earn  sea-level 

The 

Feed gas was supplied from storage bottles throughout the test. The electro-  
lysis uni t  vas not used and the CO2 concentration uni t  was desorbing t o  vacuum, 

4.2.2 TEjT RERIU5. Gas leakage i n  the Sabatier m o d e  was 1.4 cc/minute. 

The Sabatier mode demonstration test has verified the  integri ty ,  s t a b i l i t y  
and process rate of the  back-up mode of the unit at  sea-level and at 10 ps i s ,  



5.1 DISCUSSION 

Both catalytic burners were run during the integrated system demonstration test 
of 13 July 1965. 
catalyst was in S/H 002. This system vas started well in advance of the system 
test because it requires a four to six hour waxm up time to achieve a temperature 
in the range for  thermostatic control. 
reduction unit was installed prior to these tests. The purpose of the interlock 
is to prevent purging of the reduction unit through the catalytic burner before 
the burner system is operational and at required tenperature. A slight overlap 
of the low temperature switch and the burner control thermostat existed on S/N 
002 and required adjustment prior to test to a l l o w  the interlock to function with- 
out interference through the n o m  thermostatically controlled temperature band. 
The boost mode of burner operation was employed for these tests to demonstrate 
blower operation as well as burner operation. The burners were connected in 
paraUel and each had a flow of approximately 5.3 lb/hr throughout the test. 

5.2 TIST 

A palladium catalyst was in S/R 001 and the MRD proprietary 

An inter8ock between l&is unit and the 

The temperature downstream of the catalyst bed which is the tanperature the con- , 
trol thermostat senses is shown in Figure 10 versus time. The cyclic nature of 
the control is evident. The frequency of thermostat operation is seen to be sme- 
what in excess of once per hour. The controlled temperature band of 710% to 
7809 f o r  S/1p 001 and 7009 to 740% f o r  S/A 002 is considered satisfactory since 
the specification. value fo r  control band was 700- to 800%’. 

Data recorded during these teste are included i n  the data sheet f o r  the con- 
centration unit. 

No bleed frm the reduction unit vas passed to the burners during the first 
h a l f  of the test but some bleed was utilized during about the last hour of test. 
Gas chromatography analpis showed no contaminant build-up f r o m  gases in the 
reduction system being released to the cabin which indicates adequate oxidation 
through the burners. 

Test of the burners is thus regarded as ccmpletely satisfactory with respect 
to performance, stability of operation and control parameters. 



I 6.1 DISCUSSION 

The tests on the food managanent system consisted of checking the hot and cold 
water temperatures and the operatian of the water dispensers. The heating and 
cooling fluids were turned on several hours before the U) psia test  to bring the 
water tanks to ste8dy operating temperstures. 

I At 1,145 and 1650, seven 6.5 02. samples of hot water were withdrawn and some 
l 0: their temperatures measured with a themanetar. 

and second samples were slightly lower than the remaining samples due to the 
initial roam temperature condition of the dispenser and collection bottle. 
temperatures of the semplcs are Shawn on the data sheet. 
GD/C the water temperature delivered by the hot dispenser was found quite satis- 
factory for food reconstitution and consumption. 

The temperature of the first 

The 
In previous tests a t  

Temperature recovery of the hot water tank was satisfactory. 
drawals the tenrperature was 162- and following the withdrawals it dropped to 
about 1509. 
back up to 162OF. 

Prior to the with- 

Within an hour after the withdrawals, however, the temperature was 

At 1450 and 1655, three 6.5 ounce samples of cold water were withdrawn. 
first samples were about 4 5 9  and the last samples were about 38-, see data 
sheet . 

The 

In withdrawals fram the hot dispenser, a hot pad was needed. Other- 
wise, operation of' the meter- and dispensing devices was satisfactory. 

A 



7.1 DISCUSSION 

The objectives of the  demonstration test for t h e  water management system can be 
summarized as follows: 

1. To deatonstrate the mechanical i n t eg r i ty  of a l l  aspects of the water re- 
covery and u t i l i z a t i o n  f'unctions including: 

a. Urine collection, transport, and pre-treatment. 
b. Wash water'  collection, transport, pre-treatment, and post- 

C. Condensate transport  and pre-treatment. 
treatment. 

2. To demonstrate t he  capabili ty of t he  evaporation units t o  recover potable 
water fran wastes i n  the form of used wash water and urine. 

3 .  To demonstrate the  effectiveness of the changes which have been made t o  
t h e  basic subsystems. 

7.2 TEST REULTS 

7.2.1 MEX2MICA.L rnrrninrrY -ON. The prc-treatment demonstration was 
accwtplished by charging the  circuit with d i s t i l l e d  water and actuating each pre- 
treatment injector through 10 expulsion cycles i n to  pressurized di lu t ion  tanks. 
The weight loss of t h e  chemical storage tank was recorded for each injector .  The 
injector displacembt  was determined t o  be approximately 6.0 cc/stroke as an aver- 
age value. No problems were encountered. 

The post-treatment demonstration consisted of drawing a suf f ic ien t  quantity 
of d i s t i l l e d  water fran the  wash water chemical storage tank t o  simulate a 50 ppm 
EAC ( 2  cc/gal) mixture for t h e  quantity of water estimated t o  be i n  t h e  wash water 
storage tank at tha t  time. 
samples) was then transferred to  t h e  sample por t  of ST-3 and i ts  contents injected 
i n t o  the pressurized storage tank, Following the  injection, 25 cc of potable 
water fYcw ST-1 was used t o  f lush the ST-3 sample por t  l ine.  
followed by 10 pumping cycles of the syringe t o  fur ther  f lush the sample l i n e  
and mix the  inject ion i n  ST-3. 

The 50 ml glass syringe (also used fo r  drawing water 

This i n  tur'n w a s  

No problems w e r e  encuuntered. 

The urine coUection and transp o r t  demonstration was conducted by pouring four 
batches of d i s t i l l e d  water  (wx> cc  each) i n t o  the u r i n a l  with each batch followed 
by a three second u r i n a l  r k e  (post tr&ted clean wash water dispensed by the  
u r i n a l  r i n se  c i rcu i t ) .  The waste management blower and water separator were i n  
aperation v i th  the output of the  separator processing into the pressurized col- 
l ec t ion  tank, Cr-3. Ro problems were encountered, it was noted t h a t  the  vibration 
and noise leve l  of t h e  w a t e r  separator w a s  s igni f icant ly  lower with t h e  new con- 
f igurat ion.  

14 



fhe wash water  collection and transport  demonstration was accanplished by ope- 

No problens w e r e  encountered wi th  
racing t h e  sponge squeezer through s i x  cycles w i t h  the water separator pumping 
in to  the pressurized collection circui t ,  CT-1. 
these functions. 
noted. 

The lower vibration snd noise level of the  water separator was 

The condensate transport  demonstration was achieved by subs t i tu t ing  an external  
water source for t h e  CAYS and employing t he  CAWS control c i r c u i t  t o  t ransport  
water t o  the pressurized collection tank, (3-2. 
oy monitoring t h e  weight change of the  water source. 
countered, however, t he  present CAWS - delivery control c i r c u i t  has been 
designed t o  control transport to an unpressurized col lect ion tank. 
i n  l imit ing the-del ivery rate t o  approximately 80$ of that specified. 
rate t o  the unpressurized collection tank was as specified. If a decision is 
m a d e  t o  transport  t o  a pressurized tauk, modification of the  pump control c i r c u i t  
can be eas i ly  accumplished. 

!5e transfer rate was determined 
No mechanical problems en- 

This resulted 
Delivery 

7.2.2 U A m  REO-Y ~ E ! E U ! I ! I O X i .  The water recovery tests were conducted 
w i t h  the  unit  No. 1 supply tank charged with we-treated waste wash water and the  
uni t  No. 2 supply tank charged w i t h  we-treated urine. 
which were t o  be evaluated involved the following items: 

The Wor modifications 

1. 

2. 

3. 

4. Air charcoa l ' f i l t e r .  

Wick and wick temperature thermistor. 

Conductivity Frobe and probe chanber. 

Heating f l u i d  c i r c u i t  and temperature/flow control. 

5. 

6. water separator purge circui t .  

C o o l h g  c i r c u i t  and flow control. 

7. A i r  flow instmunentation. ' 

8. No; 1 air-water separator (rework). 

Process rate was determined by operating both units i n  manual recycle and a 
This arrangement also provides water catch substi tuted f o r  each collection tank. 

a check on the "initial" qual i ty  of the  product water due t o  the  f a c t  that it 
by-pRsses the vater charcod  filter e 

Separator rpm was established within two minutes following uni t  s t a r t  by use 
of t h e  purge c i r c u i t  and process start was achieved within 20 minutes f o r  the  
i n i t i a l  start at  1 5  p s i  and within 10 minutes f o r  the subsequent start a t  10 psia.  

Conductivity d i d  not reach recycle values fo r  either s t a r t  and settled t o  steady 
state values within 30 minutes. 4 

Heating and cooling temperatures remained stable without control adjustment 
within ranges appropriate t o  t h e  specified process rstes and w e l l  away from 
cr i t ical  vdues .  

15 



No separator stall was encountered and air flow remained consistent with tan- 
peratures and pressures. Wick feed c i rcu i t s  operated sa t i s fac tor i ly .  

The folloving operating conditions are typical of the test data: 

Unit No. 1 Unit No. 2 

Evaporation i n  temperature, % . 162 157 

m p r a t i o n  aut tenperatwe, aP 02 95 

354 350 0 E-331 i n  t-We, F 

DC-331 out temperature, % 207 

coolant i n  temperature, OF 34 

207 

65 

coolant out temperature, OF 65 84 

Condenser out temperature, OP 45 

A i r  flow, lbs/hr 105 

conductivity, p o s  

E-331 flow, lbs/hr 

t 5  

50 

74 

96 

16 

35 
Coolant flow, lbs/hr 125 -- 
Separator r ~ p a  1825 2100 

Process rate, lbs/hr 1.95 1.2 

The product waters were clear and odorless v i th  no objectionable taste. Both 
waters had a trace taste or quality that has been present with all stored potable 
water, recovered or d i s t i l l ed .  
derived from t h e  s i l icone materials present. 

It has been considered that  the taste has been 

A 
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5.1 DISCUSSION 

b r i n g  demonstration testing the "I&%" feces dryer was used t o  dry simulated 
feces (Purina dog food). 
tainer is given in Table I. 
.just a f t e r  rnixiw. 
grams, the decrease evidently due t o  evaporation. O f  t h i s  weight, 417 grams were 
H20. 
and weighed. 
16.6 hours of dry* w a s  540 grams, of which 72 grams was calculated to  be water. 

A w e i g h t  break-down .of the simulated feces and the con- 
The i n i t i a l  container plus contents weighed 888 gram 

Later, when the test was s ta r ted  the t o t a l  weight w a s  87c 

During t h e  test the container was removed at one t o  three hour intervals 
These weights are given on t h e  d a t a  sheet. The f i n a l  weight after 

8.2 TEST msum 
"he weight loss his tory  of the simulated feces is shown in Figure U. Also s h o w  
is the result of a previous test on the  "Right" dryer .  The'tuo curves are very 
similar and s a t i s f y  the drying specifications of 951 water removal i n  24 hours. 
The reason for the  low i n i t i a l  drying rate during the  demonstration test is not 
c lear .  
heat-up time reauired of the  dryer, both i n i t i a l l y  and after the  ueighings. 
Actually, the dryer should perform b e t t e r  if lef t  closed for 24 hours and with 
t h e  heating flaw and vacuum applied t o  the dryer continuously. 

It may have been due to  the lower DC-331 flow and a resulting Lonqer 

Manual operation of the  feces dryer was trouble free. The basket was eas i ly  
Application removed and re-inserted and the vacuum valves functioned properly. 

of t h e  proper vacuum after re-insertion of the  basket required only  several 
seconds. 



Table I. Weight Sumnary of Simulated Fecea ard Container 

Dry Purina Dog Food 

(contains 32$ or 17 g H$) 

%O Added to  Dog Food 

Total Initial "Feces" 

Holding Basket and Bags ( tare) ,  

573 g 

297 g 

Total Initial  "Feces" + Container @h 
(just after mixing) 

Total '??Feces" + Container at Beginning of Test 870 g 

Approx-te Water Content at Beginning of T e s t  

Total "Feces" + container at End of 16.6 hours 

Approximate Water Content at End of 16.6 hours 

447 B 

540 g 

72 g 

(assumes that no volatile8 other than %O 
w e r e  lost) 

*A 45 g separator was added t o  the container during the t e s t .  
IUS made final tare weight = 342 g. 
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9.1 13 JULY 1965 

The f lu id  coo- and m i n g  un i t  performed 6at i s fac tor i ly  during the en t i r e  test 
and required only a few minor adjustments of the t h d  expansion valves and 
evaporator pressure regulators t o  mntch the Unit cooling capacity t o  the maxfmum 
system loed. 

Throughout the test, the coolant fluid (aqueous propylene glycol, by weight) 
flow rate remained essent ia l ly  constant at 1420 + 10 lb/hr without any manual 
adjustment. 
and 89.5 psig. 

The e x t d  system pressure drup &ied between the limits of 85.0 
No signif icant  f i l t e r  loading was apparent during the en t i re  test. 

After the final adjustaents were made to the ref'r clrcuft ,  t h e  coolant 
discharge temperature remQined constant at  29.0 + 
period the unit was operating w i t h  B saturated r&igerant condenser temperature 
of 1009 and a saturated refiigaant evaporator temperature of 22%. 

9.2 15  JULY 1965 

Prior t o  t h i s  test, the aqueous propylene -01 mixture was changed from 42$ 
propylene glycol (by veight) t o  27$ in order t o  increase the cooling capacity of 
the thermal control air c i rcu i t .  
effect upon the performance of t he  f lu id  coaling and mlng unit .  

t h i s  final 

I 

l h i s  change in f lu id  cauposition had no apparent 

The unit performed sa t i s fac tor i ly  and required no mnnual adjustments throughout 
the duration of the test. 
constant at  1325 + 25 lb/hr and 2 9 . 5  + 0.59, respectively. 
drop (including f x l t e r )  raualned c o n s h t  a t  100 PSI& 
slightly higher (10-15 pslg) than that noted during the previous demonstration 
test and is  at t r ibuted t o  M increase f lu id  f l a w  rate to the system "B" hea t  
exchanger. 

The f l u i d  flow rate and discharge testperature remained 
The system pressure 

This pressure drop is 

l'fo sinnificant f i l ter  loading ~ 8 8  apparent during t h e  test. 

The refrigerant c i r c u i t  w t a n s t l c  hot gae bypsss control was cyclicslly act- 
The unit operated i n  t h i s  

While i n  the full cap- 
uated by the coolant thermostat throughout the test. 
reduced capacity bypass mode f o r  33 t o  48$ of the time. 
a c i t y  mode, the unit operated v i t h  a 8at~rated refr igerant  condenser tQapcrature 

evaporator tempemture is w e l l  above the freezing point of the  coolant (U%'). 
of 1mo;r d G eG*&ate re=*=-* ,~pmtcT t,--z?x?.?. Cf 22%. PAe 



10.1 13 JULY 1965 

The f l u i d  heating and pumping uni t  p e r f d  sa t i s f ac to r i ly  throughout the entire 
t e s t  and required only minor periodic adjustment of the  flow control valve t o  
maintain a f lu id  flow rate of 300 + u) lb/hr. 
drop (including discharge f i l t e r )  &mined essent ia l ly  constant a t  36.5 + 1.5 psig. 
Approx+tely 10 psig of t h i s  t o t a l  pressure drop is a t t r ibu ted  t o  the rzsistance 
introduced by a partially closed balancing valve located downstream of the C02 
concentration unit. 
during t h i s  test t o  balance the resistance of a p a r a l l e l  branch c i r cu i t  which 
was par t ly  blocked ~y foreign matter inadvertently introduced during fabrication. ) 
No appreciable f i l ter  loading was apparent t-hout the test. 

The electrical input power t o  the heater varied between the limits of 4.85 t o  
8.85 kw v i t h  an average power consumption of 6-60 kw. 
w e l l  below the  u n i t  maxfmrm rated capscity of 12 kw. Despite the cyclic changes 
i n  load, t he  f l u i d  discharge temperature remained constant a t  Lorn. 

The curresponding system pressure 

(This valve is normally wide open but was par t i a l ly  closed 

These power levels are  

Fluid leakage was observed frm the pump seal throughout the test and the roto- 
meter response t o  changes i n  flaw was sluggish. 

10.2 15 m u  1965 

The un i t  performed well and only required infrequent minor adjustments of the 
f l e d  control valve t o  maintain the f luid flaw rate at  290 + 10 lb/hr. 
responding system pressure drop (including discharge fiiteF) remained essent ia l ly  
constant a t  27.0 - + 1.5 psig. No appreciable f i l t e r  loading was apparent through- 
act the test. 

The cor- 

The e l e c t r i c a l  input p e r  t o  the heater varied between the limits of 5.05 and 
7.35 kw with an average power consumption of 6.27 kw. Despite these changesoin 
load, the f luid discharge temperature from the  u n i t  remained constant at  405 F. 

As i n  the ea r l i e r  demonstration, f lu id  was observed leaking from the pump seal 
and the  rotameter response t o  changes i n  f l o w  wa5 sluggish. 



11.1 13 1965 

A f t e r  i n i t i a l  adjustments, the t o t a l  recirculated air flow rate through air con- 
ditioning system "A" ya8 255 & (860 lb/hr) at a discharge  tauperature of 30.0 
+ 1 .09 .  
a t h  the remaining 190 cfta (640 lb/hr) going t o  the living module. 
ing system mBn va8 recirculating an estimated 700 cfb (2360 lb/hr) t o  the labora- 
tory module. 

O f  this to ta l ,  65 cfin (220 lb/hr) vas delivered t o  the laboratory module 
A i r  condition- 

The heat exchanger in system "A" was receiving 1040 lb/hr of coolant f l u i d  a t  
Approximately 690 l b / h r  of t h i s  an estimated inlet temperature of 29.5 + 0.5%. 

coolant f l u id  was subsequently diverted-to the heat exchanger Ln system "B". 

The alr temperature in the living module was 63% at the start of the test and 
gradually increased t o  a steady state value of 67-59 during t h e  final hour of 
testing. 
i n  the  systcm performance specification. 

l h i s  temperature satisfies the mi- prescribed value of 68% stated 

The systems could not maintain t h i s  prescribed m l s b u m  temperature i n  t h e  labo- 
ratory module. 
and gradually increased t o  a steady state value of 8oop near the end of t h e  test. 
This inadequate air c i rcu i t  cooling cspacity is  at t r ibuted t o  the law coolant 
flow rate to  the system'"B" heat exchanger. 
f lu id  f l o w  (350 lb/hr) vas d ive r t ed  ararnd the  system "B" heat exchanger i n  order 
t o  obtain a mixed dawnstream temperature that was cool enough t o  s a t i s f y  the  down- 
stream cauponent (e lectrolysis  unit) cooling requirements. 

me laboratory air temperature was 7 2 9  at the start of the t e s t  

A portion of the  available coolant 

It was subsequently decided tha t  t h e  aqueous propylene glycol solution be 
di luted in order t o  reduce coolant punrping parer factor and hence pemit an in- 
creased f lu id  f low rate t o  the system "B" heat exchanger. 

The cab- air r e l a t ive  humidity vas 53s at the start of testing and gradually 
These reduced t o  a steady state value of 49$ during the last hour of aperation. 

relative humidity values fall w e l l  inside the  range of b t o  &I$ prescribed in 
the  system Perfommcc specifications. 

1 1  3 -.- 1 C  M t V  
Y W Y I  

During the test, the reclrailated air flow rate t h r o q h  eir conditioning system 
"A" was 222 cfb (737 lb/hr) with a heat exchanger sir e x i t  temperature of 31.5 
+ 0 . 5 9  . 
G i t h  t h e  rcnraiaing 167 cfh (555 lb/hr) going to the  llving module. 
represent 8n overall reduction of 15s below the vulues recorded in the i n i t i a l  
demonstration (13 July 1965). Thla reduction i n  air flaw rate is at t r ibuted t o  
the  addi t ional  resistance introduced by the  cabin air-vat- ScpSFator vhich was 
not i n  the c i r cu i t  dur ing  the earlier tests. 

Of' t h i s  total, 55 cf'm (182 lb/hr) wa8 delivered to the  laboratory module 
These values 



The blower i n  system "B" was recirculating an estimated 700 cfm (2360 lb/hr)  
t o  the laboratory module. - , - .  

A coolant f l u i d  flaw rate of 910 lb/hr at a tcPrperature of approximately 30.0 - + 0.5% was del ivered  t o  the  heat exchanger Ln systea "A" and subsequently t o  the 
heat exchanger in system "B". This flow rate represents a 220 lb/hr increase in 
flow t o  hea t  exchanger "B" beyond w h a t  it received dur ing  the  earlier demonstra- 
tion. 

The air temperature within the bboratoxy module and living module vas 66% 
and 649, respectively, at the start of the test, and rcsched steady state values 
of 65% and a%, r e spec t ivdy  durlng the test. 
was 59.5 + 0.5s throughout the test. All of these values s a t i s f y  the system per- 
formance -+ecifications. 

me &in air relative humidity 

Durlng this test, the Cog reduction unit was operating i n  t h e  Sabatier mode, 
and the water recovery units, water heaters, catalytic burners, and e lec t ro lys i s  
u n i t  were not i n  operation. It is estimated that the h-t rejected by these uni'ts 
in t h e i r  nonnal operational modes would increase the cabin air heat load by approxi- 
mately 2000 Btu/hr. This additional heat load upon the air c i r cu i t  should haw no 
s ignif icant  effect upon the air temperature in the l iv ing  module and only increase 
the air temperature In  the Laboratory module by syproximstely 2-49. 
appropriately rebalancing the sir dist r ibut ion system, the ef fec t  of t h i s  heat. 
load increase 

can m e e t  t h e  minimum requirement of -T 68 prescribed in the system performance 
With such an adjustment, the  air t 

specifications. 

However, by 

be equally distributed between the two modules of the test  bed. 
tures in the laboratory and l iv ing  modules 

8 
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Tests were monitored on the 13th and 15th of July in accordance with protocol 
dated 8 July and the safety monitoring note sheet. 
was made with the IR spectrometer prior to decompression at 14.7 psi. Twenty 
parts per million of NH was the only detectable contaminant. 
originate from the working crew as it is rapidly reduced to five or six parts per 
million with operation of the catalytic burners at 10 psi and then remains at a 
very l o w  level even with the crew working inside. 

A baseline hydrocarbon scan 

lhis appears to 3 

A second baseline was made at 10 psi prior to entry of the crew into ~OCKS. 
These recordings did not indicate any contaminant build up. 

12.2 PREssURfzATIOIV 

Entry and exit times were recorded when crew members were in the airlock. 
were no problems encountered fram either depressurization or  repressurization. 

There 

12.3 ODOR 

On the 13 July test same odor irritation w a s  noticed in the lower compartment. 
This was not present in the upper compartment which indicates the charcoal filter 
w a s  working satisfactorily. 
on a hot part. 
on the 1 5  J u l y  test. 

This odor was found to be from a piece of adhesive 
The source was removed and no indLcation of the odor was present 

12.4 M O I E C O R ~ G  

A l l  personnel within the chamber were checked hourly and IR scans of the atmos- 
phere were made at least once each hour. 
detected. Personnel were checked after the tests for eye irritation and decm- 
pression symptans - none were present and a l l  crew members and observers were 
released without caament. 

J 

No significant contaminant levels were 
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